This paper investigates the use of sample reweighting in a behavioural tax microsimulation model, to examine the implications for government taxes and expenditure of population ageing in Australia.
Introduction
The aim of this paper is to investigate the use of sample reweighting, with a behavioural tax microsimulation model, to examine the implications for government taxes and expenditure of population ageing in Australia. Tax microsimulation models are based on large-scale cross-sectional surveys containing substantial information about the characteristics of individuals and households. Each household has a sample weight provided by the statistical agency responsible for collecting the data, and these weights are used to 'gross up' from the sample in order to obtain estimates of population values.
This applies to aggregates such as income taxation, the number of recipients of a particular social transfer or the number of people in a particular demographic group. In addition, the weights are used in the estimation of measures of population inequality and poverty.
The possibility therefore arises of adjusting the sample weights to reflect anticipated changes in the population age structure. Revised weights can then be used to estimate implications for labour force participation and expenditures, on the assumption that other characteristics remain unchanged. Other possibilities could also be considered at the same time, including for example the potential effects of real wage growth or of changes to the tax and benefit regime. Such changes are of course likely to arise partly as a response to the pressures of population ageing, so it is useful to be able to examine the precise nature of those pressures.
Such an approach contrasts with a popular method of examining population ageing, which combines population projections with age-specific per capita expenditures on a range of benefits in order to obtain projected social expenditures.
These are typically combined with GDP projections based on age-specific labour force participation and unemployment ratios, along with productivity growth assumptions.
While accounting frameworks of this type have proved useful, they necessarily lack the kind of policy modelling, detail and heterogeneity available in microsimulation models. 1 The microsimulation model used here is the Melbourne Institute Tax and Transfer Simulator (MITTS). This is a behavioural tax microsimulation model allowing detailed examination of the potential effects on government direct tax revenue and 1 On this type of modelling, see Alvarado and Creedy (1998). expenditure of policy reforms to the tax and transfer system. 2 The database is the Australian Survey of Income and Housing Costs (SIHC), a large-scale cross-sectional survey of about seven thousand households, with each household having a sample weight provided by the Australian Bureau of Statistics (ABS).
This paper therefore begins by describing a calibration approach to sample reweighting which achieves specified population totals for selected variables, subject to the constraint that there are minimal adjustments to the weights. A formal statement of the problem of obtaining 'minimum distance' weights and a general approach to the solution are described in Section 2. Section 3 applies the approach to the SIHC, and considers whether -before examining population ageing -the SIHC needs to be reweighted for tax simulation purposes. Reweighting to allow for population ageing is examined in Section 4, which makes use of ABS population projections. The analysis abstracts from changes in population size and concentrates purely on changes in the age structure. Section 5 reports simulation results of a tax policy change with the revised weights, reflecting the aged population structure. Brief conclusions are in Section 6.
The Calibration Approach
This section discusses methods of calibration. Subsection 2.1 provides a general statement of the problem of minimising the overall distance between two sets of weights, subject to a set of calibration conditions. Subsection 2.2 examines a class of distance functions giving rise to a convenient structure. An iterative solution procedure is presented in subsection 2.3.
Statement of the Problem
For each of individuals in a sample survey, information is available about variables; these are placed in the vector:
2 For further details of the MITTS model see Creedy et al. (2002 
The calibration approach can be stated as follows. Suppose that other data sources, for example census or social security administrative data, provide information about 'true' population totals, . The problem is to compute new weights, for which are as close as possible to the design weights, 
It is thus necessary to specify a criterion by which to judge the closeness of the two sets of weights. In general, denote the distance between and as
The aggregate distance between the design and calibrated weights is thus:
The problem is therefore to minimise (4) subject to (3), for which the Lagrangean is:
where j λ for 1 j J = ,..., are the Lagrange multipliers.
3 Some authors, such as Folsom and Singh (2000) write the distance to be minimised as
, but the present paper follows Deville and Särndal (1992) .
A Class of Distance Functions
Suppose that ( ) k k G w s , is such that the differential with respect to can be expressed as a function of , so that:
The first-order conditions for minimisation can therefore be written as:
Write the inverse function of as g
say, then From (7) the values of are expressed as:
If the inverse function, can be obtained explicitly, equation (8) can be used to compute the calibrated weights, given a solution for the vector,
The Lagrange multipliers can be obtained by post-multiplying (8) by k x , summing over all 1 k K = ,..., and using the calibration equations, so that:
Finally, subtracting from both sides of (9) gives the nonlinear equations:
where
− is a scalar and the left hand side is a known vector. An iterative procedure to solve these equations is given in Appendix A.
The Deville and Särndal Distance Function
The solution procedure requires only an explicit form for the inverse function from which its derivative can be obtained. Hence, it is not necessary to start
from a specification of ( ) G w s , . 4 Deville and Särndal (1992) suggested the use of an inverse function of the form:
where and are and: 
r s w r s < < , without the need to make checks during computation. A comparison between SIHC and census numbers on the age distribution of males and 4 Deville and Särndal (1992) discuss the use of a normalisation whereby is set to some specified value, but this is not necessary for the approach. Singh and Mohl (1996) , in reviewing alternative calibration estimators, refer to this 'inverse logit-type transformation' as a Generalised Modified Discrimination Information method. Folsom and Singh (2000) propose a variation on this, which they call a 'generalised exponential model', in which the limits are allowed to be unit-specific. In practice they suggest the use of three sets of bounds for low, medium and high initial weights.
females reveals that the SIHC appears to have too many people in the lower age groups and too few in the higher age groups, particularly in the highest age group for women. Before considering the performance of MITTS with these new weights, it is useful to compare a few summary measures resulting from calculations using the old and the new weights. First, consider the simulated number of income support recipients based on the two sets of weights, shown in Table 1 . The weighting has had little effect on most types of income support recipients. The two main exceptions are disability support pensioners, which show an improvement, and age pensioners, where the difference between actual and simulated numbers becomes bigger. The latter is caused by the reweighting on age, putting additional weight on the older age groups. The MITTS model overestimates the proportion of older persons eligible for age pension as a result of the lack of information on assets held by households. People over 60 are amongst those most likely to have built up assets in the form of superannuation or other investments. The aggregate expenditures for a range of benefits produced directly by the SIHC for the old and new weights may be compared; that is, the actual benefits reported as being received by individuals in SIHC are used. Comparisons are shown in Table 2 which reports estimated expenditure obtained directly from SIHC when aggregated using the ABS weights and the revised weights. There seems to be a slight overall improvement resulting from using the new weights. However, when examining particular payment types separately, for some types the amount is much further from the actual amount than before the reweighting, whereas for other types an improvement is evident. Finally, the performance of MITTS with regard to expenditures using the different sets of weights is illustrated in Table 3 . Table 3 is similar to Table 2 but compares the simulated expenditure based on the reweighted SIHC data with the simulated expenditure based on the original SIHC data.
Comparing Tables 2 and 3 , it can be seen that the difference between the actual expenditure and the simulated expenditure is smaller than the difference between the actual expenditure and the expenditure observed from SIHC. However, the reweighting does not improve the simulated expenditure. In fact, the difference between actual and simulated expenditure for 2001 is quite small with the initial weights, although there are a few exceptions. Regarding the Widow's Allowance and the Widow B Pension it seems that the two payments cannot be separated as they should, but in aggregate the simulated amount paid on these is quite close to the simulated amount. Similarly, adding the NewStart Allowance and the Partner Allowance seems to smooth out differences between actual and simulated amounts.
There remain AUSTUDY and Special Benefit, both of which are overestimated in MITTS. The Special Benefit has strict requirements which cannot easily be tested in MITTS because not all necessary information is available in SIHC. For AUSTUDY, the recipient needs to undertake a qualifying study and again this information is not available in SIHC. 10 From the lack of improvement -indeed deterioration -in simulated expenditures after reweighting, the conclusion is drawn that reweighting the base data for simulations of policy in the current time period cannot be recommended. 
Population ageing
The previous section showed that reweighting the base sample for the current time persons and a life expectancy at birth of 84.2 for men and 87.7 for women.
The distributions across age-gender groups are also different for the three scenarios. Figure 2 presents the age-gender distribution in the three population projection series. It shows that the proportion of young individuals is lowest in series C and highest in series A. The proportion of older individuals is highest for series C and lowest for series B. 11 Finally, series B has the largest proportion of the population in the working age category. 12 Therefore, series A, B and C are referred to in this paper respectively as the young, medium and old population projections. In all three projections, the proportion of older persons has increased relative to the younger age groups. Assuming that people's behaviour remains similar to current behaviour of comparable individuals, the effect on expenditure and revenue can be simulated. Under the same assumption, behavioural responses to policy changes can be simulated as well. The reweighting procedure is discussed in Section 4.1.
Reweighting Procedure
As mentioned above, the calibration conditions are constructed from the population As anticipated, the weights in this section deviate more from the ABS weights than the earlier revised weights (which had a range for the ratio of new to old weights of 0.68 to 1.87). The substantial changes in the age structure of the population require some age groups to be weighted up and others to be weighted down. The minimum range that could be imposed in the D-S approach increased to [0.51, 3.25] for the 2050 reweighting using the medium population projection (series B). The upper boundary seems relatively more affected by the difference in age structure, which can be explained by the relatively sharp increase that the older age group needs to make, compared with the smaller decrease of the other groups which is spread across a larger age range. Comparing the restrictions on the bounds that can be achieved in the different scenarios shows that the range is narrowest for the medium population scenario. This may be explained by the fact that although series B has a higher proportion of people over 50 than the young population, the proportion of people over 75 is lower. This means that this relatively small group of people over 75 needs to have a larger increase in their weights in series A and C.
The effects on wage and salary income distributions of reweighting are shown in Figure 4 , for the three population series, which shows for each income level the reweighted frequency minus the initial frequency. In each case there is little change in the proportion of persons on very high wages, but the proportion on medium wage and salary incomes, in particular, has decreased. This has mostly gone to an increase in the proportion of people who have no wage and salary income. This is not shown in Figure   4 , but the differences at zero income for series A to C respectively are 13.17, 12.08 and 13.55. The income from wage and salary distribution is further from the 2001 distribution in series A and C compared with B. A possible explanation for this is that the younger population has a larger proportion of children whereas the older population has a larger proportion of potentially retired people. The medium-aged population, B, on the other hand, has the highest proportion in the working-age category, resulting in a larger proportion of the population on non-zero wage and salary income. Weekly wage and salary income Difference in frequence distributions
Population Ageing, Taxes and Expenditure
This section examines the effect of population ageing on government expenditure and revenue, if the changed demographic structure of the population were realised in 2001. On the expenditure side, the number of people on pensions increases substantially, while the number of people on allowances and family payments decreases. The age pension sees the largest increase, in line with the ageing population and a smaller increase is observed for the disability pension, which also tends to be received by older individuals. When eligibility for the age pension is based on observed receipt in SIHC (to account for the lack of information on assets in SIHC), the expenditure on the age pension becomes smaller, as shown in the last two columns in Table 4 . However, the relative increase in the expenditure due to population ageing, when comparing to the expenditure in 2001 based on observed eligibility for age pension (not presented in Table 4) 14 , is similar to the relative increase in the middle two columns compared to the first two columns in Table 4 . Of the allowances, only the mature age allowance and the partner allowance increase. Table 5 presents the results for the two alternative population projection scenarios A and C. Comparing the change in net expenditure, series B is the least costly.
In 2050, revenue is higher and expenditure is lower for B than for A and C, which is caused by the larger proportion of population B in the working age groups. Assuming similar employment rates as there were in 2000/01, a larger proportion of population B is therefore going to be self-sufficient without the need for government support.
14 See Cai, Creedy and Kalb (2004) for these numbers in 2001. 
Policy Simulation With Aged Population Structure
Population ageing is of course likely to lead to a different response to policy changes.
Hence this section examines a policy change using the reweighted population rather than the 2001 weights. The policy change involves a reduction to 30 per cent in all benefit taper rates over 30 per cent. Results are reported for population series B and Table 6 compares the labour supply response to this policy change for the current and the updated population. The first row in the two panels in Table 6 presents the percentage of workers in the pre-reform situation. Note (1): The group in this first row includes the self-employed for whom no hours of work are observed. Only the effect for wage and salary earners (for whom hours are known) is simulated in MITTS.
Comparing the two sets of results, lower participation rates for all groups except sole parents is evident in the series B age structure. The labour supply responses are similar for both sections. For sole parents the change is minimal. This group may have become smaller, but the age composition of this group is unlikely to have shifted towards the 60 and over group to a large extent. Similarly, there is little change in the effect for single persons. The negative effect for single and married women is slightly smaller and the positive effect for single and married men is slightly larger. For married men and women, the proportion moving to non-work or working fewer hours after the policy change has decreased in the aged population, possibly because they are already at a lower level of participation in the updated population. This causes the slightly more positive labour supply response for men and the slightly less negative labour supply response for women.
Finally, the effects of the policy change on government expenditure and revenue are shown in Table 7 which compares results with those obtained using the original ABS weights. Although total expenditure on couples is projected to increase as a result of population ageing, it is mostly through pensions. People on age and disability pensions are assumed to be non-responsive to financial incentives and most of them are not working, so they do not benefit from the taper rate reduction. Therefore, a smaller proportion of the 2050 population is expected to benefit from the policy change. 
Conclusions
This paper has investigated the use of sample reweighting in MITTS, a behavioural tax microsimulation model, to examine the implications of population ageing for government revenue and expenditure in Australia.
First, a calibration approach to sample reweighting was described. This produces new weights which achieve specified population totals for selected variables, subject to the constraint that there are minimal adjustments to the weights. Second, the population. The larger proportion of the population out of the labour force means that fewer people benefit from the taper rate reduction. As a result a taper rate reduction is expected to be less costly in the older population.
Sample reweighting could of course be used to examine other types of change, including for example changes in unemployment rates. It is suggested that the kind of reweighting approach discussed here provides much scope for providing insights into the implications of changes to the population composition.
( ) ( The derivative required in the computation of the Hessian is for the D-S distance function is:
Since solves for equation (11) above can be rearranged, by collecting
so that the gradient of the distance function is:
This method has been found to provide rapid convergence. (1) Source: ABS (2002). (2) The number of children variables in SIHC for the different age categories is mostly censored at 2. Therefore, the exact number of children in the different age categories cannot be calculated using information from the SIHC. In this table, we treated the censored number as the actual number, which is unlikely to be far from the actual value given the available age categories in the SIHC (that is, 0-2, 3-4, 5-9, and 10-14 years of age). 
